M ixed gases must differ considerably in diffusibility and specific gravity, in order to separate from one another to any great extent in their molecular passage into a vacuum through a porous septum, such as the plate of graphite or the walls o f an unglazed earthenware tube. The agency of atmolysis is therefore very limited in parting the oxygen and nitrogen o f atmospheric air-gases which differ so little in density fr o m each other. Substances existing in the liquid condition often admit of being separated much more fully than gases, by the proper use of dialytic septa in addition to the agency of liquid diffusion.
and 40 minutes." The rate of penetration o f nitrogen appeared to be even slower than that of carbonic oxide*.
It will be observed that those gases penetrate most readily which are easily liquefied by pressure, and which are also " generally highly soluble in water or other liquids." The memoir of Dr. M itchell was ably commented upon, shortly after its publication, by Dr. D raper of New York, who also added many new observations on the passage of both gases and liquids through membranous septa *f\ These early speculations, how ever, lose much of their fitness from not taking into account the two considerations already alluded to, which appear to be essential to the full comprehension of the phenomena-namely, that gases undergo liquefaction when absorbed by liquids and such colloid substances as india-rubber, and that their transmission through liquid and colloid septa is then effected by the agency of liquid and not gaseous diffusion. Indeed the complete suspension of the gaseous function during the transit through colloid membrane cannot be kept too much in view.
Dr. M itchell was led to infer, from a single casual observation, that rubber expands in volume when carbonic acid is absorbed-a result tobe expected from the porosity of the solid mass, then assumed in explanation o f the penetrativeness o f gaseous fluids. But on placing 50 grms. of thin sheet rubber, 0*6 millim. in thickness, in carbonic acid over mercury, it was seen that the rubber gradually absorbed 0*78 volume of gas in twentyfour hours at 15°, of which 0*7 volume was taken up in the first hour. The mass of rubber was previously measured with care by the displacement of mercury in a specificgravity bottle, and again when the rubber was charged with carbonic acid; it gave the same displacement o f mercury within a hundredth of a gramme. No measurable change in the bulk of the rubber, therefore, had occurred. It may be added that the absorbent power of vulcanized rubber for carbonic acid appears to be less than that of rubber in its natural state, being found only 0*57 volume in a comparative experiment.
The penetration of rubber by gases may be illustrated by their passage into a , as well as into an atmosphere of another gas in Dr. M itchell's experiments. The diffusiometer, consisting of a plain glass tube of about 22 millims. in diameter and nearly a whole metre in length, closed at the upper end by a thin plate of stucco and open below, is taken advantage of in such experiments. A thin film of rubber from a small balloon is stretched over the upper end of the tube, where it is supported by the stucco plate, bound with copper wire, and cemented at the edges in contact with the glass with gutta percha softened by heat. I f the tube be now filled with mercury and in verted, a Torricellian vacuum is obtained above, into which the air of the atmosphere gradually penetrates, passing through the film of rubber and depressing the mercurial The results may be summed up by deducing the times in which a constant volume of the various gases is transmitted by the rubber, the time of passage of carbonic acid, which is the shortest, being taken as unity for the sake of comparison.
Penetration of rubber by equal volumes of Gas.
Time 
13-585
Or, with the times taken equal, the volume of each gas which passes then expresses the velocity of penetration.
Penetration of rubber in equal times. Considering the circumstances in which the gases pass through the sheet of rubber into a vacuum, it is not to be expected that any relation will be found among the pre ceding numbers, as between the coefficients of diffusion in gases. The first absorption of the gas by rubber must depend upon a kind of chemical affinity subsisting between the material of the gas and substance of rubber, analogous to that attraction which is admitted to exist between a soluble body and its solvent, conducing to solution. Carbonic acid being soluble in ether and volatile oils, it is not wonderful that it is also dissolved by the hydrocarbons of rubber. The rubber being wetted through by the liquefied gas, the latter comes to evaporate into the vacuum, and reappears as gas on the other side o f the membrane. Now it is known that such evaporation is the same into a vacuum and into another gas, being equally gas-diffusion in both circumstances. It is not indispensable, therefore, to have a vacuum on one side of the rubber membrane as in the experiments detailed above. A foreign gas will answer for the vacuum, as in the experiments o f Dr. M itchell.
The numbers for the velocity of passage of the different gases in the last Table may be taken also as representing not remotely the relative absorption and liquefaction of the various gases by the substance of rubber.
The passage of gases through rubber is also illustrated by the rapid collapse of the little balloon when filled with carbonic acid gas, or even with hydrogen, or with marsh-gas, as compared with atmospheric air. The converse fact is observed when the inflating gas is pure nitrogen: then the balloon is found to become further distended after a few hours, in consequence of more oxygen entering from the atmosphere without, than of nitrogen escaping from the balloon during the same tim e ; while the composition is being equalized on both sides of the membrane, and the gas within the balloon is finally of the same composition as the external air. A rubber balloon filled with nitrogen was found, when roughly gauged, to increase in diameter from 132 to 136 millims. in the course of twenty-four hours. On the other hand, a balloon filled with pure oxygen fell in the same time from 150 to 113 millims. in diameter.
In forty-eight hours a balloon filled with hydrogen 154 millims. in diameter con tracted to 87 millims., and then contained 250 cub. centims. gas, of which 53 cub. centims. were absorbed by pyrogallic acid and potash, showing the presence of 21*2 per cent, of oxygen, or sensibly the same proportion as in the external atmosphere.
If the upper end of a diffusiometer be closed by a thin sheet of rubber, and the instrument standing over mercury be filled with hydrogen gas, a contraction is observed to take place slowly, but to a greater extent ultimately than could be due to the diffusion of hydrogen as a gas. Beginning with 249 volume divisions of gas in the tube, the rise of the mer curial column, or reduction of volume, was 1*5 division in the first hour, 1*5 division in the second hour, 2*0 in the third hour, 3 in the fourth hour, and 51 divisions in the first twenty-four hours taken together. Then the rise in the following successive days was 42, 59, 37, 29, 13, 5, 1, 0*5, 0*5 (in two days), and 0*0, the original volume of 249 volumes of hydrogen being finally replaced by 53 volumes of atmospheric air; barom. 747 millims., therm. 21°T. The ultimate replacing volumes are here as 1 to 4*7. jn gas-diffusion they are as 1 to 3*8.
A balloon filled with air subsided in forty-eight hours from 150 to 147 millims in diameter, from the mechanical effect alone o f the elasticity of the membrane in com pressing the enclosed gas. These little balloons vary from 0*75 to 1 grm. in weight! Supposing the form to be truly spherical, a balloon of 150 millims. in diameter would have a surface of 0*0706 square metre (5*905 inches in diameter and 0*08454 squarjj yard of surface). Supposing the balloon to be 1 grm. in weight, the thickness of the membrane will be 7 b.6 86 of a millim., with a specific gravity = 1 , or y 6l01 o f a rnillim. with a specific gravity = 0*93, the admitted density of pure rubber. This last is a thick ness of r93 0.6 of an inch, or it would require nearly 2000 such films, laid upon each other, to form the thickness of a single inch. Y et such a film of rubber appears to have no porosity, and to resemble a film of liquid in its relation to gases-differing entirely in this respect from a thin sheet of paper, graphite, earthenware, or even gutta percha, as will appear hereafter. These last enumerated bodies appear all to be pervaded by open channels or pores, sufficiently wide to allow gases to be projected through by their own proper molecular movement of diffusion. But liquids and colloids have an unbroken texture, and afford no opportunity for gaseous diffusion. They form even in the thinnest film an impervious barrier to gas.
The penetration of rubber is much affected by temperature, and apparently in two different ways at the same time. An increase of temperature no doubt renders all gases less easily liquefied by pressure, and consequently less considerably absorbed' by any liquid or colloid. But such an influence of heat appears to be counteracted in rubber by the tendency of that colloid to become more soft when heated, and to acquire more of liquid and less of solid properties. Certainly the rubber film becomes more and more permeable to gases as the temperature is elevated, within a moderate range. This was distinctly observed in operating with silk cloth varnished on one side with rubber, such as is sold as a waterproof material. W ithout anticipating a detail of the experiments, it may be stated in general terms that the same specimen of rubber was penetrated by air from the atmosphere passing into a vacuum, at the following rates per square metre of surface . * -^ C., by 0*56 cub. centim. of air in 1 minute. A t 14° C., by 2*25 A t 60° C., by 6*63 " " " 1
The volumes of gas are all reduced to barom. 760 millims. and therm. 20° C. Such numbers are probably not strictly constant; for it appears that the effect of temperature upon rubber is much influenced by the length of time that the temperature is continued, the change in degree of softness with change of temperature requiring uis, or even days, fully to complete it. The rigidity of rubber under cold and its under warmth are well known to take place in a slow and gradual manner, the softening of rubber by heat, the retentive power of that substance for gases
•ppears to be modified. Soft rubber, first charged with carbonic acid at 20°, and then aade rigid by cold, appeared to lose its carbonic acid, when afterwards freely exposed o air, less rapidly than the same rubber equally charged but exposed from the first in ts soft condition. The quantity of carbonic acid retained in the former case was 10'76 >er cent., and in the latter 7*08 per cent, of the volume of the rubber, after a similar exposure of forty-eight hours. This point, although not sufficiently examined, is alluded o here on account of the analogy which appears to hold between rubber and the maleable metals in a power to absorb a gas when they are softened by heat, and to retain he same gas with great tenacity when they are afterwards made rigid by cold. The condensation of oxygen gas by masses of solid rubber punched out of a block vas made the subject of observation, by placing 50 grms. of that substance within a jar of oxygen standing over mercury during a period of several days. From the rubber ifterwards there was extracted, by the action of a vacuum continued for twenty-one hours, 6'21 cub. centims. of gas; of which 3*67 cub. centims. were oxygen, 0T 4 carbonic icid, and the remainder chiefly nitrogen. Taking the bulk of the rubber at 53'8 cub. centims., the oxygen absorbed amounts to 6*82 per cent, of the volume of the rubber. Oxygen then may be regarded as fully twice as soluble in rubber as the same gas is in water at the ordinary temperature. No experiment was made at a higher temperature; but as the penetrativeness of rubber is much increased by heat, the presumption is that the solubility of gases in rubber is increased in the same degree.
More than one attempt was made to identify the presence of free hydrogen in the substance of rubber after being kept in that gas for some time, but with a negative result. The absorbed hydrogen may be too easily dissipated, owing to its extreme volatility.
Dialytic separation o f Oxygen fro m Atmospheric A ir, (1) by means o f other , (2) by means o f a vacuum.
1.
A balloon of rubber filled with hydrogen and exposed to the atmosphere, gradually loses the former gas, which is finally replaced by a considerably smaller volume of air, presenting a deceptive resemblance to the diffusion of hydrogen gas into air. W hen the progress of the entrance of air was observed at different stages of the exchange, it appeared that after three hours, when the balloon had fallen from 150 to 128 millims. m diameter, the composition of its contents was--Oxygen 8-98 41*6 Nitrogen . . 12*60 58*4 Hydrogen . . 78*42 100*00 100*0
Setting aside therefore the hydrogen still remaining, the balloon now contained a portion of a mixture of oxygen and nitrogen in the proportion of 41*6 volumes of the former to 58*4 volumes of the latter. This was the largest proportion of oxygen to the nitrogen observed; for the former gas has a tendency to flow back again to the external atmosphere when the hydrogen becomes small in volum e; and the proportion of oxygen becomes eventually no higher than 21 per cent, of the whole gases remaining in the balloon, including the hydrogen. Thus after six hours the proportion of oxygen was 33-63 to nitrogen 66*37 volumes, and after twenty-four hours oxygen 26*48 to nitrogen 73*52 volumes, the hydrogen constantly diminishing at the same time.
The entrance by infiltration of atmospheric air into a balloon of rubber inflated with carbonic acid gas brings us still nearer to a practical dialytic separation, as the carbonic acid can be withdrawn entirely by means of caustic alkali, after a certain time has elapsed, and the infiltered air enriched with oxygen be dealt with by itself. A balloon containing carbonic acid, when placed in the atmosphere, was reduced in four hours from 160 to 90 millims. in diameter, and it had now acquired 199 cub. centims. of gas not dissolved by alkali. This gas was capable of reviving the combustion of wood burning without flame, and was found to consist of Oxygen . . . . . 37T vols. Nitrogen ..... 62*9 "
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To produce this concentration of oxygen, it is quite necessary that the operation be interrupted at an early stage, as was done in the last experiment; otherwise the oxygen diminishes again in proportion to the nitrogen, falling at last to the normal proportion of 21 per cent, as in the external air. Thus a balloon inflated by carbonic acid to 150 millims. in diameter, was found to lose nearly all its carbonic acid in the course of twenty-four hours. It gave 150 cub. centims. of gas after treatment with caustic potash. This was air of the composition, It may be inferred, from the familiar fact that air dissolved in water contains so high a proportion as 30 per cent, of oxygen, that if carbonic acid gas. were divided from atmospheric air by a film of w a t e r, the former gas would come the film with air bearing the same high proportion of 30 per cent, of oxygen. But it is not easy to imitate this experiment unless the dividing film is supported by a membrane of some sort. The air from the atmosphere, which entered a fresh ox-bladder preserved humid and inflated with carbonic acid, was found to possess 24*65 per cent, of oxygen to 75*35 of nitrogen, which is but a small increase in the proportion of oxygen. But the thickness of the membrane here was too great, and other circumstances of the experiment were unfavourable.
A balloon of rubber inflated to 150 millims. in diameter with carbonic acid was Hence air dialyzed by the rubber septum should consist of 40*46 oxygen and 59*54 nitrogen in 100 volumes. Now air from the atmosphere was found to enter the vacuum o f the 48-inch diffusiometer-tube, through a disk of rubber 22 millims. in diameter, to the amount of 3*48 cub. centims. in twenty-one hours, under the pressure of the atmo sphere; therm. 23° to 24° C. O f the 3*48 cub. centims. of gas so collected, 2 cub. centims. were absorbed by pyrogallic acid and potash, representing 42*53 cent, o f oxygen in the dialyzed air. Here the gas was transferred from the diffusiometer for examination by depressing the diffusiometer in mercury, and using a very narrow tube o f rubber as a gas-siphon communicating between the gas in the diffusiometer and a jar inverted in the mercurial trough. The elastic tube is first filled with mercury, and, being of considerable length, a portion of it is drawn repeatedly through the fingers so as to throw the mercury and aspirated gas into the collecting receiver. The transference of gases in such circumstances may also be effected with much advantage by means of the vacuum-tube invented by Dr. H ermann Sprengel, as will immediately be shown.
The process of dialytic separation by means of a rubber septum may be varied in three points,-(1) in the condition of the rubber septum, which may be a film of rubber formed from caoutchouc varnish as well as from distended sheet rubber; (2) in the nature of the support given to the septum, which may be a backing of cotton cloth or of silk (common waterproof cloth prepared by means of caoutchouc varnish, in short), as well as a plate of stucco, earthenware, or w ood; and '(3) in the means had recourse to for sustaining a vacuum, or at least a considerable degree of exhaustion, on one side o f the dialytic septum, while atmospheric air, or any other gaseous mixture to be dialyzed, has access to the other side of the same septum. Or the air to be dialyzed may be compressed on one side of the septum, and left of the usual tension on the other side, inequality of tension on the two sides of the septum being all that is required to induce penetration. strumentwas originally offered by the . inventor as the means of producing a vacuum, or as an air-pump. But by bending the lower end of the straight falltube, the instrument may be further made to deliver gas into a receiver, and be used with advantage as the means of transferring small volumes of gas from one vessel to another.
W hile the mercury in the funnel A is allowed to flow downward into the barometer-tube CB, of 2^-millims. in diameter, by relaxing the clamp upon the adapter tube of rubber at C, a connexion is also made with the close receiver to be exhausted, such as an air-tight bag E, by means of the branch tube The air inE, gaining access to the Torricellian vacuum, is swept on by the falling mercury, and delivered below into the small gas-receiver R, previously filled with mercury and inverted over mercury in the mortar B below. The principal difficulty in obtaining a good vacuum in E by means of this apparatus arises from the necessity of joining the glass tubes in more than one place by means of adapter tubes of ( rubber. The directions given by Dr. Sprengel on this point require to be closely follow ed:-" The connexions between the glass tubes are made of well-fitting black vulcanized caoutchouc tubing, sold under the name of French tubing. This is free from metallic oxides, which render the tubing porous. Besides this all these joints are bound with coils of copper wire, which is easily accomplished with a pair of pliers." The joints should also be coated with gutta percha liquefied \*f heat, or with fused rubber. An exhausting-syringe, or air-pump, may often be used with advantage to begin the exhaustion, and to withdraw the greater bulk of the air, if th® receiver is large, the Sprengel tube being reserved to complete the exhaustion. Th$ vacuum appears to be as perfect as can be formed in a barometer-tube filled with unboiled mercury, and to come within'1 millim. of the barometric gauge.
The following modifications of the experiment exhibit the dialytic action of caout" chouc in its various forms.
India-rubber between double potion cloth vulcanized.
This was a common elastic carriage-bag 18 inches by lb . The surface of both sides amounted to 0-3482 square metre. The bag was pressed flat by the hands, and still further exhausted by means of Sprengel's tube. After all the contents of the bag were extracted and the collapse complete, the Sprengel tube began again to throw out air in a slow but exceedingly regular manner. A small portion of sawdust, or of sand, intro duced beforehand into the bag, appeared to be useful in preventing the sides coming together too closely, but was not essential. The air thus extracted from the bag in one hour amounted to 15-65 cub. centims., or sensibly 1 cubic inch; therm. 23° to 24°C. Such dialyzed air, from three successive experiments of one hour each, contained 38, 40-3, and 41*2 per cent, of oxygen, the inferior proportion of oxygen in the earlier experiments being no doubt due to a small residue of undialyzed air remaining in the bag before exhaustion. This dialyzed air rekindled glowing wood, so as to illustrate the direct separation of oxygen gas from atmospheric air. For the purposes of combus tion, it may be viewed as air from which one-half of the inert nitrogen has been with drawn It will be convenient to express the permeability of the colloid septum with uniform reference to a square metre of area, and to an hour, or to a single minute of time. Here, for a square metre of cloth, the passage of air amounted to 44-95 cub. centims. (3 cubic inches nearly) per hour, or to 0*749 cub. centim. per minute.
The view which the observation suggests of the nature of such an air-tight fabric is, that it may be truly impenetrable to air when the composition and tension of the air are the same on both sides of the clo th ; but it is penetrable when a vacuum or a reduced state of tension is maintained on one side of the cloth and not on the other. The compression of the air confined in a bag would no doubt have a similar effect, and then the flow would be in an outward direction. But there is no evidence of a porous structure in the varnished cloth. The gases of atmospheric air would pass through actual openings according to the law of gaseous diffusion, which favours the nitrogen or lighter gas, while it is the oxygen which is found to pass through the material most readily in these experiments. The imbibition of the liquefied gas by the substance of the rubber, with the subsequent evaporation of this liquid into the vacuum on the other side, is all the explanation required. 
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It does not appear, then, that the increased thickness of the rubber septum tends to increase the proportion of oxygen in the dialyzed air, while this thickness causes the passage to be proportionally slower. The oxygen appears to attain, but never to exceed, at 20 G., the proportion of 41*6 to 58*4 nitrogen.
The thick rubber brings notably into view the carbonic acid of the air. The small proportion of this gas in air is probably increased in all experiments with the rubber septum, however thin. It was observed to rise so high in a small crowded room, as to negative the inflaming action of the oxygen on smouldering wood. But rubber appears to have a power to charge itself gradually from atmospheric air with about half per cent, of its volume of carbonic acid. This carbonic acid, accumulated in thick sheet rubber, appears again to be carried on by the other gases imbibed in a dialytic experi ment. The greatest amount of aerial dialysis per square metre was obtained by means of a rubber bag, larger than usual, and weighing 1*55 grm. When filled with the sawdust and exhausted, this bag still remained of 143 millims. in diameter, and with a surface therefore of 0*0642 square metre. The air which passed through amounted to 17*05 cubic centims. in ten minutes; therm, about 20°. This air gave 40*7 per cent, of oxygen. For a square metre of surface, this is the passage of 26*5 cub. centims. per minute, the highest which has as yet been observed.
In the thin transparent envelope of the little balloon of rubber we have a colloid sub stance in the most favourable form yet applied to the dialysis of mixed gases. But there is still much room for improvement in the mode of using the thin septum in question. The balls are apt to contract considerably, owing to their elasticity, in the operation referred to, of filling them with sawdust; their walls become at the same time thicker and less quickly pervious. A mode of destroying the elasticity of the membrane when in its most attenuated condition, so that the balloon might be cut open and the membrane j spread out without shrinking, would be very useful. Instead of depending upon the j interior support of sawdust, the membrane could then be stretched over a more con-J venient frame to support it, of thin porous"'deal, of unglazed earthenware, and even of j a felted fabric, or several thicknesses of unsized paper supported by a slight frame, I so as to form a hollow cavity that admitted of being exhausted of air. The attention j of manufacturers of rubber might be advantageously directed to the preparation andj proper support of the thinnest possible septa of that material.
The varnish of rubber which appeared to offer the best septum on drying, was a thin' solution of rubber in 200 times its weight of chloroform. Four or five coats of this varnish required to be applied to a surface o f wood, or of unglazed earthenware, to form an air-tight envelope. The film appeared to exceed in thickness the rubber balloons, and it dialyzed air less rapidly. But a better result may be expected at the hands of I experienced manufacturers.
The thin rubber membrane of the balloons was stretched over the ends of glass tubes j already closed with a plate of porous stucco-and also over the mouths of small glass j bulbs or osmometers, closed with a disk of porous wood or of unglazed earthenware, and i which presented a surface of one-hundredth of a square metre. The membrane of the { balloon could only be applied while double; but after the covering was securely bound f to the glass and cemented with fused gutta percha at the edges, the outer coating was j torn off, so as to leave only a single thickness* of rubber as the dialytic septum. A bulb of the kind described, when exhausted by a Sprengel pump, gave afterwards 16*36 cub. centims. of dialyzed air in two hours, containing by analysis 41*3 per cent, of oxygen, therm. 23° C .; in the following two hours, 17*35 cub. centims. of air, containing 42*6 j per cent, of oxygen. This last is at the high rate, for a square metre of surface, of 14*46 | i cub. centims. per minute.
Silk cloth varnished with rubber on one side, slightly vulcanized.
This is a thin but close silk fabric, much used for waterproof garments. It appears | j also to be employed, when dyed of a fancy colour, in the preparation of artificial flowers if and for other purposes. The silk cloth is of a single thickness; and the coating of j * rubber, which is of a black colour, appears on one side only. It is a much superior material to the ordinary cotton fabrics, which are double, with the two varnished sides ) pressed together, and is much more to be depended upon for being sound and free from 1 pores than the " waterproof " cotton cloth. The silk cloth, however, should always be j tested by examining air dialyzed by means of it. I f the proportion of oxygen falls below j 40 per cent., the silk is unsound at one or more spots. These spots may generally be j discovered by wetting one side of the silk with a sponge and observing where the passage I of water is indicated by a visible stain on the other side. The defective spot may be | covered by a small disk of sheet rubber applied warm to the surface. Such varnished | ilk, although not the most rapid in its dialytio action, was more convenient in use than ay other septum hitherto tried. The varnished silk stretched over a disk of porous earthenware (for support) closing he mouth of the small glass bell-jar or osmometer, which has an opening of one undredth part of a square metre, gave 10 cub. centims. of dialyzed air in one hour, conoaining 42*2 per cent, of oxygen; barom. 767 millims., therm. 23°*5. For a square metre f surface this is a passage of 2*77 cub. centims. of air per minute. k A small bag, useful for experimental purposes, was constructed of a portion of the ame varnished silk, 0*53 metre in length by 0*27 metre in width, which had therefore I surface of 0*143 square metre. The varnished side was turned inwards. Between the olds of the silk was placed a double thickness of common felt carpet or a piece of vadding, so as to occupy the interior of the bag. A glass quill tube also entered the la g to the depth of a few inches, and projected as much outside, so as to admit of being i connected, by means of a sound adapter tube o f French rubber, with a Sprengel pump, is shown in figure 1 (page 408), The edges of the silk cloth were cemented round by caoutchouc varnish, to a depth of 10 millims., so as to close the b a g ; and care was taken also to cement the glass tube well to the edges o f the bag. W hen the silk bag is Exhausted of air, it remains nearly flat, and feels hard like a piece of cardboard. Such an air-dialyzer is further improved by interposing a strong glass flask or bottle, of one or two litres in capacity, between the bag and the pump, so that both are exhausted of air at the same time. The flask must be strong enough to bear the full pressure of the atmosphere without breaking. An auxiliary air-pump, to produce the first exhaustion, cannot well be dispensed with where the space to be made vacuous is so considerable ; the Sprengel tube is brought into action afterwards. The advantage gained by the vacuous flask, and even by the thick wadding placed within the bag, is that they form a magazine in which the dialyzed air can be allowed to accumulate for several hours or a whole day, and from which the air may afterwards be drawn quickly by the Sprengel tube for the purpose of experiment. A narrow glass receiver tube, which can be closed by the thumb, may be used to take 5 or 6 cub. centims. for an observation on the i inflammation of a chip of wood in the highly oxygenated air. W hen the proportion of oxygen is under 33 per cent, the wood is not rekindled; but in the ordinary action of this dialyzer the oxygen is seldom found under 40 per cent. The best'result is obtained when the exhaustion is within half an inch of the barometric vacuum. W hen the pressure was allowed to fall to one-half or one-third of an atmosphere, the proportion of oxygen was lessened by 2 or 3 per cent. The action of heat and cold on the penetrability of rubber is considerable, as has already been stated. Operating with the dialyzing-bag described, without any inter mediate flask, the volume of air collected in twenty minutes was 6*35 and 6*57 cub. centims. in two consecutive experiments ; barom. 760 millims, therm. 20°. For a square the rate is 2*22 and 2*29, average 2*25 cub. centims. per minute. The proportion of oxygen was, in the first experiment 42*5, and in the second 41*66 per cent. W hen the same dialyzing-bag was kept at a temperature of 60° C., the volume of air collected in seven minutes was 6*22 and 7*06 cub. centims. For the square metre this amounts to 6*21 and 7*05, mean 6*65 cub. centims. per minute. The passage of air through rubber is therefore almost exactly three times as quick at 60° as at 20° C.
Again, the dialyzing-bag was kept at 4° C. by being surrounded by ice and salt. The air now collected in seventy-two minutes was 5*78 and 5*77 cub. centims. in volume_ for a square metre 0*56 cub. centim. per minute. The passage of air through rubber thus appears to be four times as slow at 4° C. as it is at 20°. The proportion of oxygen in the dialyzed air increased at the same time. In the two portions of air collected at 4° the oxygen was 46'75 and 47*43 per cent. The increase of oxygen at a low tempe rature was confirmed in other experim ents; but it appeared at the same time that the rubber was liable to acquire a true porosity to a slight extent when retained for some hours about 0° C. The rubber then allowed air to pass through it containing no more than 28 or even 23 per cent, of oxygen, and in volume still very small. The rubber has become rigid by the cold, and is now acting feebly as a porous substance, allowing a little gas-diffusion to take place through its substance. Such a condition, which is accidental to caoutchouc at a low temperature, appears to be constant with gutta percha, a harder material, at 20° C., and even higher temperatures.
A large bag of varnished silk with a surface of 1*672 square metre (two square yards) was found still more convenient. It was, however, rather beyond the exhausting-power of the largest Sprengel pump. It yielded in eight minutes, without any collectingflask, 22, 21*55, and 21*5, mean 21*68 cub. centims. This was a supply of 2*71 cub. centims. per minute, and was at the rate, for a square metre, of 1*62 cub. centim. per minute. The supply would have been about a half more if the dialyzed air had not gained upon the pump. The air of the first and last observations contained respectively 41*89 and 41*85 per cent, of oxygen.
The usual proportion of oxygen in air dialyzed by rubber appears to be about 41*6 per cent.; and it may be described as atmospheric air deprived of one-half of its usual proportion of nitrogen. A single dialysis of air therefore carries the experimenter hlready halfway from air to pure oxygen as the final result. But the gain by a second dialysis could not be so great, as it would only withdraw one-half of the nitrogen that remained after the first operation, a third dialysis one-half of the nitrogen remaining after the second operation, and so on-each step of the concentration of the oxygen being obtained at a greater cost than the last, and the best conceivable result being only a good approximation. The practical problem which is suggested by the air-dialyzer is, to attain the means on a large scale of reducing to one-half, or so, the proportion of nitrogen in atmospheric air, to be applied to certain useful purposes.
Percolation o f air through gutta percha and other septa.
Thin transparent sheets of a certain material represented as air-and water-tight are in common use. It is often spoken of as consisting of caoutchouc, but appears to have I a body of gutta percha, softened probably by a drying-oil. From its softness and thinness, this sheet of gutta percha appeared at first highly promising. But it appears not to be free from small apertures for any considerable surface. W hen a small sound portion was operated upon, air was found to percolate through it very slowly. In a tube diffusiometer of 1*3 metre in length and 20 millims. in diameter, closed at the top with I this septum supported by stucco, the mercurial column fell from 28*7 to 22*625 inches in 18^ hours. The gas which had entered above the mercury measured 13*54 cub. icentims., and was found to contain 20*2 oxygen to 79*8 nitrogen-a proof that the air had entered by gas-diffusion. The material is in fact of sufficient porosity to permit the molecular passage o f gases in a slow manner.
Varnishes of gelatine and of drying-oil have been tried as dialytic septa, but hitherto iwithout marked results. 
Platinum.
The surprising passage of gases through the homogeneous substance of a plate of fused platinum or of iron at a red heat, lately discovered by MM. H. Ste.-Claike D eville and iTeoost, may possibly prove to be analogous in its mode of occurrence to the passage of gases through the rubber septum. A t the same time it must be admitted that such an hypothesis as that of liquefaction can only be applied in a general and somewhat vague manner to bodies so elastic and volatile at an elevated temperature as the gases generally must be, and hydrogen in particular. Still some degree of absorbing and liquefying ipower can scarcely be denied to a soft or liquid substance, in whatever circumstances it ■may be found, with such a patent fact before us as the retention by fused silver of 18 or 20 volumes of oxygen at a red heat. It may safely be assumed that the tendency of gases to liquefaction, however much abated by temperature, is too essential a property of matter to be ever entirely obliterated.
A little consideration also shows that the absorption of gas by a liquid or by a colloid substance is not a purely physical effect. The absorption appears to require some relation in composition-as where both the gas and the liquid are hydrocarbons, and the affinity or attraction of solution can come into play. May a similar analogy be looked for, of hydrogen to liquid or colloid bodies of the metallic class'? W ith reference to the mechanical pores of a solid mass, liquids are probably more penetrating than gases. The former show often a power of adhesion to solids, while gases appear to be essentially repulsive. A degree of minute porosity is conceivable, (Which will admit a liquid, but may be impassable to a gas, even under its molecular movement of diffusion. 3 M " La permeabilite de la matiere est d'une nature toute differente dans les corps homogenes, comme le fer et le platine, et dans des pates plus ou moins discontinues, resserrees par la cuisson ou la pression, comme la terre a creuset, la plombagine, dont M . G r a h a m s'est servi dans ses memorables experiences. Dans les metaux, la porosite resulte de la dilatation que la chaleur fait eprouver aux espaces intermoleculaires; elle est en relation avec la forme des molecules que l'on peut toujours supposer regulieres, et avec leur alignement qui determine le clivage ou les plans de facile fracture des masses cristallisees. C'est cet intervalle intermoleculaire que le phenomene de la porosity des metaux purs et fondus accuse avec une evidence eclatante, c'est aussi par ce pheno mene qu'on peut esperer de calculer la distance des molecules solides aux temperatures elevees ou les gaz peuvent s'y introduire."
A new kind of porosity in metals is imagined, of a greater degree of minuteness than the porosity of graphite and earthenware. This is an intermolecular porosity due entirely to dilatation. The intermolecular porosity of platinum and iron is not sufficient to admit any passage of gas at low temperatures, but is supposed by M. D e v il l e to be developed by the expansive agency of heat upon the metals, and to become sensible at the temperature of ignition. Such a species of porosity, if it exists, may well be expected to throw light on the distances of solid molecules at elevated temperatures, when gases introduce themselves. The ready passage through platinum of some gases, particularly of hydrogen, and the difficult passage of others render such molecular views the more remarkable.
The passage of hydrogen through the substance of heated platinum appears in its most simple aspect when the gas is allowed to make its way through the metal into a vacuous space. The experiment of M. D e v i l l e , where a tube of platinum charged with nitrogen is placed within a large porcelain tube charged with hydrogen*, was modified by placing the platinum tube, closed at one end, in communication by the other (open) extremity with the Sprengel pump, so that a vacuum was substituted for the nitrogen. It was then easy to observe that a vacuum in the platinum tube was preserved for hours when the external gas admitted into the annular space between the porcelain and plati num tubes was either atmospheric air or hydrogen at the natural temperature. The tubes being placed across an empty furnace, the latter was now ligh ted ; and it was seen that, with air circulating outside the platinum, the vacuum remained undisturbed, even when the temperature of the tubes rose to a bright red heat. But when dry hydrogen was driven through the same annular space, the platinum, while continuing im p erm ea b le at all temperatures below a dull red heat, began to admit hydrogen to the vacuum as soon as the external porcelain tube became visibly red-hot. In seven minutes the Sprengel pump now delivered 15*47 cub. centims. of gas, of which 15*27 cub. centim s. appeared, by explosion with oxygen, to be hydrogen.
In a repetition of the last experiment, hydrogen dried b y sulphuric acid was again allowed to circulate in excess outside the platinum. After a vacuum was once obtained mthin the platinum tube, the gas delivered by the Sprengel pump, in the cold, during i period of forty minutes, amounted to no more than a bubble of the size of a pin-head, howing the tightness of the apparatus. The Sprengel pump being constantly kept in ction, the tubes were now heated to redness, and then gradually to a temperature pproaching a white heat. The gas delivered each five minutes was found to be 13, 5 I f the permeation of hydrogen is due to the same agency in both septa, can the vast superiority of the platinum septum be connected with its greatly higher temperature % It was interesting now to turn from hydrogen to the passage of other gases through heated platinum. The experiments were all made in the same way, and at a full red heat. The temperature, it will be observed, was short of that at which the elements of water and carbonic acid are partially dissociated.
Oxygen and n i t r o g e n .
-Atmospheric air, which may be taken to represent both of these gases, was now allowed to flow through the annular space between the tubes, the interior platinum tube being kept vacuous as usual. In one hour the gas collected by the constant action of a Sprengel pump amounted only to 0*3 cub. centim. Hydrogen in the same time would have given 211 cub. centims. It is very doubtful, too, whether the trifling fraction of a centimetre of gas collected had all passed through the platinum ; a part (or the whole of it) may have entered by the joints of the apparatus. Platinum, then, cannot be said to be sensibly permeable to either oxygen or nitrogen, even at a full red heat.
Carbonic a c i d .-This gas was supplied from a bottle containing marble, by the action 3 m 2 of pure hydrochloric acid, the gas being afterwards washed with water and dried by sulphuric acid in its way to the exterior porcelain tube. In one hour the interior platinum tube yielded only three-tenths of a cubic centimetre of gas, of which, again, only an indeterminate small portion was condensed by baryta water and appeared to be carbonic acid. The passage of carbonic acid is therefore incalculably small at a full red heat.
Chlorine.-This gas, evolved slowly from a glass flask containing peroxide of manga nese and hydrochloric acid, was washed by water, dried by sulphuric acid, and thrown as usual into the porcelain tube so as to occupy the annular space between the two tubes. A small tube containing slaked lime was interposed between the end of the plati num tube and the Sprengel pump, so as to absorb the chlorine, if any came through the substance of the platinum. After the tube had been heated for an hour, the lime was examined for chlorine, but did not contain a trace of that substance. A minute quantity of gas, probably air, amounting to 0T5 cub. centim., was collected during the time. Platinum, then, is not sensibly penetrated by chlorine at a red heat.
Hydrochloric a c i d
, dried over sulphuric acid, was passed for one hour th porcelain tube. About 0-5 cub. centim. of gas was collected from the platinum tube, which contained no hydrochloric acid and no free hydrogen. The ignited platinum, then, is not penetrated by hydrochloric acid; nor does it appear to dissociate the elements of that gas at the temperature of the experiment.
Vapour o f water.-A stream of steam was carried for one hour through the porcelain tube. During that time half a cub. centim. of gas appeared to be drawn from the plati num tube, which gas contained no hydrogen. There is no evidence of the passage through the platinum of the vapour of water, nor of its decomposition.
Ammonia.-This gas appeared to be decomposed to a considerable extent in passing through the heated annular space, hydrogen passing freely at the same time through the ignited platinum. No trace of undecomposed ammonia, although the gas was trans mitted in considerable excess, was discovered accompanying the free hydrogen found in the platinum tube. W hen the ammonia was evolved slowly, the quantity of hydrogen entering the platinum tube amounted to 16*4 cub. centims. in five minutes, or was sen sibly the same as when pure hydrogen was carried through the annular space. Ammonia, then, appears to be incapable of penetrating the ignited platinum.
Coal-gas.-W hen coal-gas was carried through the porcelain tube, the following quantities of hydrogen came through the platinum in successive periods of twenty minutes each, 13*3 cub. centims., 5*2, and 8*8. The first portion, when exploded with oxygen, did not disturb baryta-water after condensation; 13*3 cub. centims. contained 13*16 cub. centims. of hydrogen. It appears, then, that the permeating gas was free hydrogen only, and that no compound of carbon present in coal-gas was capable o passing through the platinum. This may be held as excluding the passage of carbonic oxide, marsh-gas, and olefiant g a s , all represented in the coalHydrosulphwric This gas, prepared from sulphide of antimony and hydrochloric acid, washed, and dried over chloride of calcium, was then circulated through the outer porcelain tube. The hydrosulphuric acid was nearly all decomposed into sulphur and hydrogen, the latter coming through the platinum at the rate of 9 cub. centims. in five minutes. A trace of hydrosulphuric acid may also have passed through, as the mercury of Sprengel's tube was slightly soiled; but no indication of this gas could be perceived in the hydrogen collected. It, appears, then, that hydrosulphuric acid is to be classed among the non-penetrating gases. The result appears to b e :-I. Gas capable of passing through a septum of platinum 1 T millim. in thickness at a full red heat.
Hydrogen (211 cub. centims. per hour). It remains to be discovered whether a sensible passage of any of these gases could be effected through a platinum septum much reduced in thickness, or through the same septum under the influence of a considerably higher temperature. A fallacious appear ance of permeation is sometimes occasioned by the escape from the platinum itself of a small quantity of gas, particularly of carbonic oxide and hydrogen, as will immediately appear. The permeation is in consequence never unequivocal for the first hour or two that the platinum septum is heated.
II. Gases incapable of passing through
One of the curious experiments of M. D eville was repeated, in which hydrogen appears to escape from the platinum tube pretty much as the same gas would escape from a graphite diffusiometer-the platinum tube being full of hydrogen, while the annular space between the platinum and outer porcelain tube was occupied by atmo spheric air. At the maximum temperature the supply of hydrogen to the platinum tube was shut off, as that gas entered at one end of the tube, while the other end of the pla tinum tube was left in connexion with a barometer-tube dipping into a cistern of mer cury. Immediately the mercury began to rise in the gauge tube from the passage of 
1^56
The available capacity of the platinum tube was 113-1 cub. centim s.; and when the tube was heated, the gas driven out by dilatation measured in the cold 39*5 cub. cen tims., leaving in the hot platinum tube 73*6 cub. centims. of gas estimated at 20° C. and barom. 760 millims. It was found necessary in these experiments to stuff that portion of the platinum tube that was placed across the furnace and strongly heated, with asbestos, to give support to the tube when softened by the heat of ignition, and to prevent the tube from collapsing.
It is difficult to say where the small volume of nitrogen found in the platinum tube, amounting to 3-22 cub. centims., actually came from. It appears too great in amount to have formed an impurity in the original hydrogen gas, or to have gained access to the vacuum through defective joinings in the apparatus. Its presence suggests the inquiry, admitting that nitrogen cannot pass alone through platinum into a vacuum, whether the same gas may not be enabled to pass, in some small proportion, while hydrogen is simultaneously travelling through the platinum in the opposite direction. The liquid or the gaseous hydrogen occupying the platinum septum would thus form a vehicle or channel, by the help of which another analogous body like nitrogen might be conceived capable of passing through the platinum in small quantity, by a process of liquid or gaseous diffusion.
Absorption and detention o f Hydrogen by
Platinum .-The passage of a gas through a colloid septum is preceded by the condensation of the gas in the substance of the septum, according to the views taken in this paper. Is a plate of ignited platinum capable, then, of condensing and liquefying hydrogen gasl The subject could scarcely admit of expe rimental investigation without the application of the same useful air-exhauster that was employed with the non-metallic colloids. The metal was always treated in the same manner ; so that a description of the details of one experiment will apply to all*.
Platinum wire or plate being provided, the surface of the metal was first divested of all adhering oily matter, by boiling in caustic alkali and afterwards in distilled water.
The platinum, generally in the form of wire, was then introduced into a porcelain tube M, N ( fig. 2) , glazed both outside and inside, 0*55 metre in length and 23millims. -Traite cylindrical furnace. The porcelain tube was fitted at both ends with perforated corks, well cemented with fused gutta percha, and provided each with a small quill tube. Such may be described as the distillatory apparatus employed. It was connected at the end N with the Sprengel pump A B, to be used as an exhauster and transferrer of gas, by means of good caoutchouc adapters (not vulcanized), and at the other end, M, with the apparatus for supplying dry hydrogen, atmospheric air, or any other gas. By a screw clamp upon the adapter at M, the tube could be closed, and the gas-producing apparatus then detached, leaving the porcelain tube shut at one end. A tube of the hard glass used in combustion analysis, may be substituted for the porcelain tube in many such experiments. A less degree of heat suffices than was at first supposedThe porcelain tube is exhausted by continuing the action of the Sprengel for ten or fifteen minutes, till small bubbles of gas cease to be delivered by the tube A B in the mercurial trough below. The sufficiency of the joints is thus first ascertained. Heat being then applied to the porcelain tube, its impermeability at a red heat will also be tested.
The platinum, when introduced, was confined to about two-thirds of the central por tion of the porcelain tube, which could be conveniently heated. The apparatus obvi ously affords the means both of heating the platinum in a vacuum and also in an atmosphere of hydrogen or any other gas admitted into the interior of the porcelain tube at M. Fused platinum . -Articles of manufactured platinum appear now to be pre exclusively from the fused metal.
1. A quantity of clean platinum wire from fused metal, measuring 0*695 metre in length, 4*1 millims. in diameter and 201 gratis. in weight, was bent and introduced into the porcelain tube, which was then exhausted. The platinum was first heated alone for an hour to drive off any natural gaseous product, and then dry hydrogen gas was admitted to the porcelain tube, the gas being evolved from pure sulphuric acid and pure zinc. The hydrogen was conveyed in excess into the porcelain tube, at a cherryred heat, and the temperature was then allowed to fall in a gradual manner-a pro cedure which was found to promote the absorption of the gas. The platinum was thus retained for about twenty minutes in an atmosphere of hydrogen, at a temperature partly above and partly below dull redness, terminating with the lower temperature. After the fire was withdrawn and the tube allowed to cool, air or nitrogen was driven through it, and all free hydrogen thus expelled from the apparatus.
The closed tube was now exhausted in the cold, but no hydrogen came off. The platinum being still retained in a good vacuum, heat was again very gradually applied, and the action of the Sprengel pump maintained. Simultaneously with the first appearance of visible ignition, gas began to be evolved. In one hour, the porcelain tube being heated to redness, 2*12 cub. centims. of gas Were collected, of which about onethird was collected in the first ten minutes. There is an evident tendency of the hydrogen taken up to diminish in quantity. These experiments have the advantage for comparison with the earlier observations on the penetration of a platinum septum by hydrogen gas, that both wire and tube had been drawn out from the same mass of fused metal. No iridium had been added to this platinum, as is sometimes done to increase the elasticity of the metal. The absorption of hydrogen is small, amounting, .according to the mean of the four observations, to 17 per cent, of the volume of the platinum. A t the temperature of a low red heat, when the absorption took place, the gas would be considerably dilated, to the extent of at least three times its volume stated above, or to about 51 per cent., half the volume of the platinum. It is to be considered whether an absorption of half a volume of gas would be sufficient to account for the observed penetration of a septum of metal 1*1 millim. in thickness. The data appear to favour an affirmative conclusion; but their value cannot be very decidedly estimated.
It appears necessary to recognize in platinum a new property, a power to absorb hydrogen at a red heat, and to retain that gas at a temperature under redness for an indefinite time. It may be allowable to speak of this as a power to occlude (to shut up) hydrogen, and the result as the occlusion of hydrogen by platinum.
The observation was extended to platinum in other conditions of form, but where, it is to be observed, the metal had not been fused, but only welded, and was not of recent manufacture.
5.
Of the grey pulverulent spongy platinum, prepared from the ammonio-chloride, mdccclxvi.
3 N 22*2 grms. were heated by the combustion-furnace, and for half an hour allowed to cool gradually in dry hydrogen gas, as in the preceding experiments. The volume of the platinum is 1*032 cub. centim. by calculation. In the first experiment it yielded to heat and the action of the Sprengel pump 2*2 cub. centims. of a gas which burned like hydrogen. In a second experiment the platinum yielded in one hour (when it appeared to be exhausted) 1*7 cub. centim. of gas, found by explosion to consist of hydrogen 1*52 cub. centim., and nitrogen 0*18 cub. centim. Here one volume of spongy platinum appears capable of occluding 1*48 vol. hydrogen. 6. Wrought platinum, in the form of plate from an old crucible cut up, after washing and ignition, was charged with hydrogen three times in succession. The weight of the platinum was 24*1 grms., and its volume 1*12 cub. centim. I t yielded in seventy-five minutes 4*19 cub. centims, of gas, and in thirty minutes further 1*5 cub. centim. more, making together 5*69 cub. centims., of which 4*94 cub. centims. proved to be hydrogen; therm. 14°*2, barom. 760 millims. N ot a trace of carbonic acid was found in the gas before or after explosion. Again, after a second charge, 5*12 cub. centims. of gas were given up in an hour, of which 4*4 were hydrogen; and lastly, 3*76 cub. centims. in an hour, of which 3*42 were hydrogen. Hence, occluded by 1 vol. wrought platinum-5*53 vols. hydrogen. 4*93 " 3*8o ,, " -The volume of occluded hydrogen is much larger than in the fused platinum, or even in the spongy platinum. It exhibits a tendency to fall off on repeating the expe riment. The declension in absorbing-power may possibly be connected with the reduced duration of the exposure to hydrogen of the metal while cooling. 7. Wrought platinum, which had been formed many years ago into a small tube, weighing 64*8 grms., 0*322 metre in length and 5 millims. in diameter, was cut into three equal lengths for convenience in placing the metal within the porcelain tube, to be heated and charged with dry hydrogen. By an hour's exhaustion afterwards the platinum yielded 9*2 cub. centims. gas, of which 8*9 were hydrogen. The volume of the platinum itself was 3*9 cub. centim s.; and one volume of metal had therefore occluded 2*28 vols. hydrogen, measured at about 20° C. In all such experiments, be sides blowing out the free hydrogen by air, the apparatus was also thoroughly exhausted by the Sprengel pump in the cold, before the occluded hydrogen was extracted.
The lustre and appearance of the metallic platinum was not altered by the ingress of the hydrogen; but after the escape of the gas the platinum appeared whiter in colour, and the surface was covered by minute blisters.
Repeating the experiment, the gas collected by an hour's exhaustion was 8*7 cub. centims., of which 8*46 cub. centims. were hydrogen. Here the metal occluded 2 o vols. of hydrogen.
-The same platinum was a third time charged with hydrogen; but on this occasion the platinum was placed in a tube of hard glass, and the tube connected with the airexhauster. The glass tube was heated by an oil-bath, and the platinum kept in vacuo at a temperature of 220° C. for an hour. Not a bubble of gas was evolved. The glass tube was afterwards heated by a small Bunsen burner, which was calculated to give a degree of heat little short of visible redness, still no hydrogen came off. The tube "was now heated sufficiently to soften glass (500°). Gas began to come off, of which 1*8 cub. centim., containing 1*72 hydrogen, were collected in ten minutes. The glass tube having cracked, the whole apparatus was allowed to cool, and the platinum transferred to a porcelain tube. Further heated by a combustion-furnace for one hour, the plati num gave off 8*6 cub. centims. gas, of which 8*2 were hydrogen. The platinum there fore appears to have occluded altogether 3*79 vols. of hydrogen.
The preceding experiment appeared to show a complete sealing up of the occluded hydrogen at low temperatures, seeing that, although nearly four volumes of gas were present, none escaped below a red heat. But to test the effect of time at the temperature of the atmosphere, the platinum, again charged with hydrogen, was sealed up hermeti cally in a glass tube, which it nearly filled, and not opened for two months. The air in the tube was was then transferred and examined. It did not exhibit any reduction of volume under the electric spark or a pellet of spongy platinum. The air therefore appeared to contain no hydrogen; the latter had not diffused out, but, it is to be pre sumed, was retained by the platinum without loss. These experiments, although related last, were the first performed in this inquiry. The included hydrogen was never entirely extracted in an hour, and is probably understated. The gas always came off gradually, more than one half of the whole in the first twenty or thirty minutes. The last results may be stated as follow s:-1 vol. hammered platinum occluded 2'2 8 vols. hydrogen.
y2 -80 ,, »? * * > 3*79 "
The high absorbing power of the hammered platinum, or rather the low absorbing power of the fused metal, was ascribed to a mechanical difference between the two-to a more open texture in the former, permitting more free access of hydrogen, liquefied as it may be, to the interior of the metal.
8. The extrication of occluded hydrogen from platinum had always required a degree of temperature verging upon a red heat, even when aided by a vacuum; and this remains true of hydrogen originally absorbed at or near a red heat. But the fact appears to be compatible with the absorption of the gas, under the pressure of the atmosphere, at a considerably lower temperature. Thin platinum-foil was first deprived of a little natural gas by ignition in vacuo in the porcelain tube. The foil was afterwards placed in a glass tube and heated again in a stream of hydrogen, to a temperature not exceeding 230° C., for three hours, by means of an oil-bath, and further allowed to cool slowly in an atmo-3 n 2 * sphere of the same gas for several hours. A second glass tube receiver, to which the platinum-foil was transferred, was exhausted, as usual, at 20° C. without any sensible evolution of gas. W ith a red heat superadded, gas came off in twenty minutes (but nearly all in the first seven minutes) to the extent of 0 7 5 cub. centim., of which 0*56 cub. centim. proved to be hydrogen. The volume of 8-3 grms. of platinum is 0*385 cub. centim. Hence one volume of platinum foil appears to take up, in three hours, 1*45 vol. hydrogen at 230° C.
9.
The same portion of platinum-foil was again charged with hydrogen at a still lower temperature, namely between 97° and 100°, for three hours. Submitted to exhaustion at red heat, the platinum now gave off 0*5 cub. centim. of gas in thirty-five minutes, of which about 0*3 cub. centim. were hydrogen. One volume of platinum-foil has taken up 0*76 vol. hydrogen at 100°.
By this property platinum is connected with palladium, which of all metals appears to possess the power of absorbing hydrogen in the highest degree.
Palladium .
Of late years palladium has become comparatively uncommon; and some difficulty was experienced at first in procuring more than a gramme or two of the metal, in the form of thin foil. The palladium-foil first employed weighed 1*58 grm., and measured 0*133 cub. centim., taking the specific gravity of the metal at 11*86, and had a surface of 0*00902 square metre. It gave off, when heated in vacuo for one hour, 1*50 cub. centim. of natural gas, containing no compound of carbon, but consisting of hydrogen and air.
1. As it appeared from preliminary experiments that the occlusion of hydrogen by palladium was likely to be a phenomenon exhibited at a comparatively low range of temperature, the metal was heated in hydrogen no higher than 245° C., by an oil-bath, and allowed to cool very slowly, so as to pass through still lower ranges of temperature which might be favourable to the absorption of hydrogen. The metal, when afterwards transferred to the distillatory glass tube, appeared to give out nothing to a vacuum at 17°*8 C. and barom. 759 millims. But the moment the combustion-furnace was lighted, under the tube, gas come off most freely. O f the first portion collected, ll*77cub. centims. contained 11*74 cub. centims. hydrogen. The gas ceased to be evolved in fifteen minutes, when 69*92 cub. centims. were collected, of which the greater part came over in the first ten minutes. Hence palladium has taken up a large volume of gas when the tem perature of the metal never exceeded 245° C. 1 vol. palladium held 526 vols. hydrogen.
2. In a similar experiment the temperature of absorption was still further lowere with good effect. The palladium was exposed to hydrogen between 90° and 97 C. for three hours, and then allowed to cool in the gas for one hour and a half. Now placed in a glass tube, exhausted, and heated by a gas-flame, the palladium gave off gas in a. continuous stream for twelve minutes, when it ceased. The gas amounted to 85*56 cub. centims., of which 96*8 per cent, was hydrogen; therm. 17°*5, barom. 764 millims. 1 vol. palladium held 643*3 vols. hydrogen.
By the care o f my zealous assistant, Mr. W . CL R oberts, the hydrogen employed in these experiments was purified to the highest degree by passing it in succession through alcohol, water, caustic potash, and tubes of 0*7 metre each, filled with broken glass impregnated with nitrate of lead, sulphate of silver, and oil of vitriol. The gas was inodorous, and burned with a barely visible flame.
No alteration was sensible in the metallic appearance of the palladium-foil when charged with hydrogen, or when discharged. The foil was much crumpled and rather friable after repeated u se; but this may have arisen from frequent handling.
3. Palladium appears to absorb hydrogen largely, even at natural temperatures, pro vided that the metal has been recently ignited in vacuo. The foil, without such prepa ration, was placed in a bottle of pure hydrogen for several hours, but yielded nothing when afterwards ignited in the Sprengel vacuum. The foil, however, being immediately returned after cooling to a stoppered bottle containing hydrogen, and left in the gas for a night, absorption now took place-air rushing in, on opening the stopper, as into a partial vacuum ; therm. 19°. W hen the palladium-foil was afterwards transferred to a glass tube and connected with the Sprengel pump, it was found difficult to obtain a vacuum for some time, owing to hydrogen coming off at the temperature of the atmo sphere. But after a fair vacuum was produced 6*96 cub. centims. were collected, of which 6*78 proved to be hydrogen. H eat was then applied, and 42 cub. centims. came over in five minutes, making altogether more than 50 cub. centims., or 376 volumes of gas. The absorption of hydrogen appears, then, to be suspended at a low temperature, unless the condition of the metal be favourable. The action of a plate of clean platinum in determining the combustion of explosive gas is equally critical at a low temperature. 4. A different specimen of palladium-foil, weighing 5*76 grms., and having a volume of 0*485 cub. centim., was charged with hydrogen, and discharged, more than once. In the second experiment, the foil was heated in hydrogen at 100° for three hours. Distilled afterwards in a porcelain tube at a low red heat in the usual way, the palla dium was found to have absorbed, at 100 , 347*7 vols. of hydrogen measured at 18°*2 C. and barom. 756 millims. s t o r -o il.................................10*2 "
The superior penetrativeness of alcohol over water is well marked; capillary action ippears to merge into a chemical affinity. Liquid hydrogen would also appear as highly ibsorbable by palladium-foil. It would appear also to be separable from other gases [or liquids), as alcohol is from water, by the palladium-pores.
Alloy o f " 5 'palladium and 4 silver.-The power to absorb hydrogen appears to extend to this alloy of palladium. A plate of the alloy, about 180 millims. in length, 31 millims.. in width, and weighing 74-3 grms., was bent, so as to be able to enter a wide porcelain tube that could be exhausted of air when required. The volume of the palladium alloy was 6*21 cub. centims. The plate of metal being placed in the porcelain tube, had hydrogen gas passed over it at a low red heat for one hour, and was then allowed to cool slowly in the same gas. Taken out and examined, the metal was not visibly altered. For the extrication of gas the metal was distilled in the porcelain tube heated by jets of gas, and connected with the Sprengel pump, as usual. In seven minutes after the gasfurnace was lit, 24 cub. centims. of gas came off; in ten minutes more, 80*71 cub. centims.; and in seventy-five minutes more, 36*75 cub. centims., making altogether 141*46 cub. centims. Of this gas 127*74 cub. centims. proved to be hydrogen, the remainder being nitrogen, derived, no doubt, from the large imperfectly exhausted porcelain tube. The palladium alloy, in the form of a thick plate, appears therefore to have held 20*5 vols. hydrogen, measured at 18°*2 and barom. 756 millims.
This alloy of palladium becomes crystalline by heating, and appears to lose much of its absorbent power at the same time.
The conclusion, then, is that welded palladium, in the condition of thin foil, readily absorbs hydrogen, to the extent of upwards of 600 times the volume of the metal at a temperature under the boiling-point of water, upwards of 500 volumes at 245°, and less at higher temperatures, the metal being always surrounded by hydrogen under atmo spheric pressure. Hydrogen is also largely absorbed, although less constantly, at ordinary temperatures. On the other hand, palladium already fully charged with hydrogen at or under 100°, and under the pressure of the atmosphere, begins to give out gas when exposed either to atmospheric air or to a vacuum at the original tempe rature of absorption; and the gas is freely discharged at 200° C.
It is probable that hydrogen enters palladium in the physical condition of liquid, whether the phenomenon proves to be analogous to the imbibition of ether, chloroform, and such solvents by the colloid india-rubber, or whether a certain porosity of structure in the palladium is required. The porosity of the metal is supposed to be of that high degree which will admit liquid but not gaseous molecules. Now the numerous liquid compounds of carbon and hydrogen have all a nearly similar density, generally a little under that of water. There is no reason to suppose that the density of liquid hydrogen would differ greatly from the hydrocarbon class; but then the surprising lightness of hydrogen gas must cause liquid hydrogen to yield a volume of vapour disproportionately large when compared with the former class of substances, or, indeed, with any other substance whatever. The absorption of hydrogen by palladium will appear, then, less extravagantly great when viewed as the absorption of a highly volatile liquid capable of yielding an exceedingly light vapour, rather than that of a gas.
An excellent opportunity of observing the penetration by hydrogen of a compact plate of palladium, 1 millim. in thickness, was afforded by a tube of that metal constructed by Mr. M atthey. This tube was said to have been welded from palladium near the point of fusion of the metal. The length of the tube was 115 millims., its internal diameter 12 millims., thickness 1 millim., and external surface 0*0053 of a square metre. It was closed by thick plates of platinum soldered at both ends, one of the plates being perfo rated by a long small tube of platinum, by which the cavity of the palladium tube could be exhausted of air. Now the closed palladium tube remained air-tight, when exhausted by the Sprengel tube, at the ordinary temperature, at 260°, and at a temperature verging on low redness, the gas without being atmospheric air. Hydrogen being then substituted as the ex ternal gas, the walls of the palladium tube still remained impermeable at a low tempe rature. No hydrogen gained the interior in three hours at 100°. But the temperature being gradually raised by means of an oil-bath to 240°, hydrogen then began to come through, and at a gradually increasing rate to 265°. The hydrogen then entered steadily at the rate of 8*67 cub. centims. in five minutes. This gives a rate of 327 cub. centims. for a square metre of surface per minute. Heated to a temperature just short of redness, the passage of hydrogen was increased to 11*2 cub. centims. in five minutes, or 423 cub. centims. for a square metre per minute.
W ith coal-gas as the external atmosphere the penetration of the palladium began about the same temperature, and was continued at 270° at the rate of 57 cub. ce n tim s. for a square metre of surface per minute. The penetrating gas had no odour of coal-gas, contained no trace of carbon, and appeared to be absolutely pure hydrogen. The exact isolation of the latter gas by septa of both platinum and palladium appears most extra ordinary.
A quantitative determination of the hydrogen in a gaseous mixture could probably be effected by means of the hollow cylinder of palladium.
Is the power to penetrate the metals in question confined to hydrogen 1 It has been lately concluded by Dr. C. W etherill that the turgescence of the ammonium amalgam depends entirely upon the retention of hydrogen gas-bubbles *; hydrogen, then, appears to exhibit an attraction of a peculiar kind for mercury. The ready liquefaction of the same gas by the platinum metals evinces also a powerful mutual attraction. The only other volatile body which has been observed to pass, like hydrogen, through a plate of palladium is common ether-and that at the atmospheric temperature, while a passage was denied to hydrogen at the same time. The palladium was in the form of foil. Although thin foil o f this metal is generally visibly porous and allows air to pass through like a sieve, a tube diffusiometer, covered with a disk of the selected palladium foil, and standing over mercury, retained a volume of 40*5 millims. of air over a vertical •column of 155 millims. of mercury for twenty-four hours without depression of the mercury. The air was dried by sticks of potash, but still it did not penetrate the pal ladium. Dry hydrogen was then conducted to the upper surface of the palladium disk, but still without any penetration by that gas after several hours. Cotton-wool moistened with ether was now placed upon the disk, when, after eight minutes, the confined air within the tube began to expand; and in the course of an hour longer, the 40*5 volumes of confined air increased to 90*4 (thermometer 18°*5, barometer 758), when the expan sion ceased. The increase of volume appeared to be due entirely to ether-vapour, absorbable by a pellet charged with sulphuric acid. W hy hydrogen proved to be incapable of penetrating the palladium in such circumstances it is difficult to say. It can only be imagined that the palladium foil may have previously condensed on its surface a minute film of foreign matter, which rendered the palladium inactive to hydrogen but not to ether-vapour.
On the other hand, the penetrating power of hydrogen, here referred to the liquefac tion of that gas, appears not to be solely confined to metallic septa. There is reason to suspect that in-diffusing through a plate of graphite hydrogen passes in a small proportion as a liquid, without any counterdiffusion of air. Hence the constant excess observed of the diffusive coefficient of hydrogen, which came out 3*876, 3*993, and 4*067 *, instead of the theoretical number 3*8, corresponding to the density of the gas referred to air. Such phenomena of gaseous penetration suggest a progression in the degree of porosity. There appear to be (1) pores through which gases pass under pressure or by capillary transpiration, as in dry wood and many minerals, (2) pores through which gases do not pass under pressure, but pass by their proper molecular movement of diffusion, as in artificial graphite, and (3) pores through which gases pass neither by capillary transpiration nor by their proper diffusive movement, but only after liquefaction, such as the pores of wrought metals and the finest pores of graphite.
Osmium-iridium.
A portion of small grains of osmium-iridium, amounting to 2*528 grms., was exposed to hydrogen through all descending temperatures from a red heat, as the preceding metals had been treated, The osmium-iridium was then heated again to redness in the Sprengel vacuum, to extricate any hydrogen that might have been absorbed. But only a bubble or two of gas, too minute to be measured, passed over in fifteen minutes, at a red heat. Osmium-iridium, then, exhibits no absorbent power for hydrogen-a result which is consistent with the crystalline character of the substance. 
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The comettes do not appear ever to assume again so much gas as they first acquired in the assay muffle. It follows that the weight of a gold cornette is increased about 2 parts in 10,000 by the weight of occluded gas. As the gold also retains 7 or 8 parts of silver in 10,000, it follows that the absolute quantity of gold in a comette is less than the weight of the cornette as indicated by the balance, by 1 part in 1000. This does not disprove the accuracy of the usual gold assay, which is always made in comparison with gold of known composition as a check, and is therefore relatively true.
3. The same volume of gold cornettes, amounting to 4*83 cub. centims., heated again in carbonic oxide gas, gave up afterwards 1*6 cub. centim. of occluded gas, composed of 1*4 cub. centim. Carbonic oxide. 0*2 " ,, Carbonic acid. T6 4. The same mass of gold comettes heated in hydrogen gas, gave up afterwards in one hour 2*7 cub. centims. of gas, which appeared to consist of 2*34 cub. centims. Hydrogen. 0*36 " ,, Nitrogen, &c.
2^70
The power of this metal to occlude hydrogen gas is very sensible. The metal here appears to hold 0*48 volume of hydrogen gas. The same gold, when dissolved and pre cipitated, was also found capable of holding 0*44 volume of hydrogen.
5. The same mass of cornettes, heated in carbonic acid gas, gave up afterwards in one hour 1*05 cub. centim. gas, in which baryta-water showed the presence of 0*78 cub. centim. Carbonic acid.
3 o 2
The charged comettes were always freely exposed to air for some time before occluded gas was extracted from them and measured, so as to allow the escape of any loosely attached gas. The whole occluded air amounts to 0*2 volume of the gold, and is principally nitrogen. The indifference of gold to oxygen is remarkable, and contrasts with the power of silver to occlude the same gas.
Silver.

1.
Fine silver, in the form of wire, 2 millims. in diameter, with its surface duly puri fied, was first heated alone in the porcelain tube, and then exhausted of gas by the Sprengel tube in the usual way. The natural gas derived from this metal was small in quantity, and it appeared to come off almost entirely in one hour. The silver wire weighed 108 8grms., and had a volume of 10*37 cub. centims., taking the specific gravity of pure silver as 10*49. The gas extracted amounted to Silver wire therefore appeared to hold occluded 0*289 volume of gas, principally carbonic acid. There is reason, however, to suppose that the occluded gas may really be oxygen, and that the latter was converted into carbonic acid at the temperature of extrication, by a trace of carbon existing in the fine silver.
2. The same quantity of silver wire was now charged with hydrogen, by being heated o redness and afterwards cooled slowly in that gas. The gas extricated amounted to 2*3 cub. centims. in forty-five minutes. ;o r 1 volume of iron has discharged 7*94 volumes o of which about two-thirds was carbonic oxid e; and the metal does not appear to be yet quite exhausted. Iron is a metal not unlikely to contain small quantities of carbon and oxygen, both in chemical union with iro n ; and the gas extricated may partly be due to a reaction of these elements upon each other at a red heat.
2. In another similar experiment upon 32 grms. of clean iron wire (No. 21), measuring 4*1 cub. centims., the iron was heated in a small glass tube, to exclude the idea of the conceivable permeability of the porcelain tube. The iron gave off gas at a pretty uniform rate, which amounted in an hour to 29*8 cub. centims., of which 4*44 cub. centims. were carbonic acid, and the remainder principally carbonic oxide, with hydrogen and a trace of a hydro-carburet. Here the iron wire gave off 7*27 volumes of gas.
3. In a third experiment on thin iron wire (No. 23), the extrication of the natural gases at a red heat was pushed to a greater degree of exhaustion. The weight of the iron was 39 grms., and its volume 5 cub. centims. In the first and second hour the gas collected was 45 cub. centim s.; in the third hour 10*85 cub. centim s.; in the fourth and fifth hours 5*65 cub. centim s.; in the sixth hour 0*9 cub. centim., and in the seventh hour 0*7 cub. centim. The iron appears to be now nearly exhausted, after the extrica tion of 63*1 cub. centims., or 12*55 volumes of gas.
It is evident that iron cannot be safely dealt with in experiments upon the permeation or upon the absorption of gases, till these gases, whether self-produced or preexisting, are first extricated from the metal. The carbonic oxide observed in the tube experiments of M. H eville may have been derived from the same source*.
4. To observe the absorption of hydrogen, the mass of exhausted iron wire remaining after the last experiment was heated to redness, and cooled gradually in the same gas. The metal was afterwards freely exposed to air (as usual) to get rid of any loosely attached hydrogen. Now exhausted again by the Sprengel pump at a low red heat, the iron gave 2*5 cub. centims. of gas in one hour, but the greater portion in the first ten minutes, consisting of 
2*5
The iron appears therefore to be capable of holding 0*46 volume of hydrogen. The wire became white, like galvanized iron. This was confirmed in a second observation, a thicker wire holding 0 4 2 vol. hydrogen.
5.
The same specimen of iron was now charged with carbonic oxide gas, in the manner it had previously been charged with hydrogen. It was also freely exposed to air. The iron wire remained soft, was not capable of becoming hard when heated red-hot and suddenly cooled, and was not altered in aspect or in solubility in acids. The gas extri cated by the air-exhauster amounted to 9*45 cub. centims. in 13 minutes. It explains partly, if not entirely, the abundance of carbonic oxide observed among the natural gases of iron in experiments 1, 2, and 3. In the course of its preparation wrought iron may be supposed to occlude six or eight times its volume of carbonic oxide gas, which is carried about ever after. How the qualities of iron are affected by the presence of such a substance, no way metallic in its characters, locked up in so strange a way, but capable of reappear ing, under the influence of heat, at any time, with the elastic tension of a gas, is a subject which metallurgists may find worthy of investigation.
The relations of the metal iron to carbonic oxide gas appear to be altogether peculiar. They cannot fail to have a bearing upon the important process of acieration. The inter vention of carbonic oxide in the usual process of the cementation of iron with charcoal, long recognized by accurate observers, may be said now to be placed beyond all doubt by the recent beautiful research of M. Marguekitte *. Hitherto the decomposing action of the iron upon carbonic oxide has been supposed to be exercised only at the external surface of the metal. A surface-particle of the iron has been supposed to assume one half of the carbon belonging to an equivalent of carbonic oxide (C2 0 2), while the remaining elements diffused away into the air as carbonic acid (C 0 2), to reacquire carbon from the charcoal placed near, and to become capable of repeating the original action. It is now seen that such a process need not be confined to the surface of the iron bar, but may occur throughout the substance of the metal, in consequence of the prior penetration of the metal by carbonic oxide. The direct contact and action of carbon (in the form either of diamond or charcoal) upon iron is allowed to produce cast iron and not steel. It appears that the diffused action of carbonic oxide is the proper means of distributing the carbon throughout the mass of iron. The blistering of the bar appears to testify to the necessary production and evolution of carbonic acid, owing to the decomposition of the carbonic oxide in the interior of the bar.
The inquiry suggests itself whether acieration would not be promoted by alternation of temperature frequently repeated. The lowest red heat, or a temperature even lower, appears to be most favourable to the absorption of carbonic oxide by iron, or for impreg nating the metal with that gas; while a much higher temperature appears to be required to enable the metal to decompose carbonic oxide, to appropriate the carbon, and become steel. The action of a high temperature is made very clear by M. Margueritte. The process of acieration, it seems then, should be divided into two distinct stages, conducted at very different temperatures,-the first to introduce carbonic oxide into the iron, and the second to decompose the carbonic oxide so introduced. The carbonic oxide once safely occluded by the iron, the metal might even be cooled and preserved in the air, the second heating being postponed for any length of time. Such alternations of temperature are not unlikely to occur by accident during the usual long process of cementation; but they might be properly regulated with advantage, and the process may admit of being abridged in point of time.
Antimony, as a highly crystallizable metal, was exposed to hydrogen gas both above and below the point of fusion of the metal, and afterwards submitted to exhaustion in the usual manner. No hydrogen was extricated.
